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LONG-TERM GOALS

The goal of this work is to determine the physical processes responsible for the observed seasonal
patterns in the occurrence and intensity of scintillation in the Earth’s low-latitude ionosphere. An
improved understanding of the physics will result in more sophisticated modeling and forecasting tools
that will benefit the Navy.

OBJECTIVES

The objective of this study is to couple a three-dimensional physics based model of the ionosphere
(SAMI3) with a global circulation model (TIME-GCM) and a tidal and planetary wave model
(GSWM) in order to investigate lower atmospheric influences on the seasonal and longitudinal
variability in the occurrence of scintillation. During the first two years, we will also use the
SAMI3/ESF “wedge” model to gain insight into how the instabilities are quenched. In the third year,
studies will be conducted with the ESF portion fully coupled into SAMI3.

APPROACH

The SAMI3 interface will be modified as necessary to accommodate the output from the NCAR
TIME-GCM. Simulations with the coupled model will be conducted to determine the effects of the
lower atmosphere on the ionosphere. The “background” ionosphere generated from these simulations
will be used in the SAMI3/ESF model to explore the conditions under which scintillation occurs.
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WORK COMPLETED

In FY09, we have completed a one-way coupling of the NRL SAMI3 ionosphere model [Huba et al.,
2000] and the NCAR Thermosphere-lonosphere-Mesosphere-Electrodynamics General Circulation
Model (TIME-GCM). Figure 1 shows the models used in the study and how they are coupled. The
Global-Scale Wave Model (GSWM) [Hagan et al., 1995] is a numerical model of planetary waves and
solar tides in the Earth’s atmosphere. In order to capture the effects of tropospheric tides in TIME-
GCM, the lower boundary at 30 mb (approximately 10 km) is perturbed with the GSWM winds and
temperatures. TIME-GCM simulations are performed at NCAR and provide the neutral densities (O,
N2, Oz, N, H, and NO), temperature and winds from 10 to 500 km that are fed into SAMI3. The one-
hourly data provided by TIME-GCM is interpolated to 15-minute intervals. Neutrals above 500 km are
assumed to be constant with altitude. Because TIME-GCM does not solve for Helium, this constituent
is provided by NRLMSISE-00 [Picone et al. 2002]. The version of SAMI3 we are using includes a
potential solver to self-consistently solve for the electric fields. The magnetic field is specified by a
tilted dipole, though it will be replaced by a more realistic magnetic field model in the near future.

Figure 1. Models used in the simulations. The arrows indicate the one-way
coupling between models.

To test the model, we performed two sets of simulations, one for equinox conditions and the other for
June solstice conditions, both at solar minimum (F10.7 = 75). For each set, we used two different
boundary conditions set by GSWM. In one case, both migrating and non-migrating tides were included
and in the other case, the non-migrating tides were suppressed. By performing the SAMI3 simulations
with both cases, we are able to determine the effects of non-migrating tides on the ionosphere.

RESULTS

We have successfully coupled the thermospheric component of TIME-GCM and GSWM to SAMI3 in
order to investigate the impact of lower atmospheric tides on the electrodynamics and electron content
of the low-latitude ionosphere. This is the first step toward understanding the role the lower
atmosphere plays in the climatology of scintillation in that we can now simulate the background
ionosphere in which smaller scale irregularities form.

Figure 2 shows the SAMI3 simulation results at a constant local time for each of the cases discussed
above. A comparison of Figure 2a and 2b shows the effects non-migrating tides have on the
ionospheric total electron content (TEC) at 1600 LT under solar minimum conditions (F10.7 = 75) at
March equinox. Figure 2c shows that the pattern persists into the evening hours. The four-peaked
longitudinal structure is qualitatively similar to ionospheric ultraviolet emissions measured by



IMAGE-FUV [Immel et al., 2006]. Figures 2d -2f show that the longitudinal pattern is also present at
June solstice, especially in the northern equatorial ionization anomaly crest (enhanced TEC region
roughly 15° north of the magnetic equator). By varying the thermospheric input into SAMI3, we have
found that the zonal neutral wind modulated by the non-migrating tides is the primary driver of this
four-peaked longitudinal pattern, as opposed to the longitudinal variations in the neutral densities and
temperature. This is an expected result because the E-region neutral winds (~120 km) drive the electric
fields that cause the F-region (above 250 km) to E x B drift upward and form the equatorial ionization
anomaly (E1A). Figure 3 shows the difference between the TIME-GCM winds with and without the
non-migrating tidal component. The four-peaked pattern is present in the zonal and meridional winds
in both seasons and is particularly strong in the lower thermosphere (100 to 150 km).

Figure 2. SAMIS3 total electron content (TEC) for March equinox at solar minimum (a — ¢) and
June solstice (d —f). (a) TEC at 1600 LT during March equinox where non-migrating tides have
been suppressed (b) TEC at 1600 LT during March equinox where the non-migrating tides are
included. The non-migrating tides have a significant impact on the longitudinal structure of the
EIA. (c) TEC at 1930 LT during March equinox where migrating and non-migrating tides are
included. (d) TEC at 1600 LT.



A comparison between the two seasons shows that the March winds are approximately four times
stronger than the June winds, but the four-peaked structure in TEC appears to be stronger in June than
March, especially in the evening hours (Figures 2c¢ and 2f). The suspected reason for this difference is
due to the meridional winds. Strong F-region meridional winds (~ 300 km) strongly affect the densities
in the EIA crests by pushing the plasma up or down the field lines into regions of slower or faster
recombination of electrons with oxygen ions. Further modeling studies and especially comparisons
with measurements of winds and electron densities will be necessary in order to determine the true
contribution of the meridional winds to the observed longitudinal pattern. Preliminary comparisons
with wind data suggest that the lower thermospheric winds from TIME-GCM at March equinox may
be too large.

Figure 3. These figures show the difference between the TIME-GCM thermospheric winds with and
without non-migrating tidal effects. The winds are averaged over four hours and shown in constant
local time as a function of longitude and altitude. The zonal winds in the E-region ionosphere (90 —
140 km) are responsible for the four-cell pattern in the TEC shown in Figure 2. The F-region
meridional winds (above 250 km) also have an effect on the TEC in the EIA crests, especially in the
March equinox case. Figures (a) and (b) are the zonal and meridional wind residuals for the March
equinox conditions, and Figures (c) and (d) are the winds for the June solstice conditions. Note that
the TIME-GCM March winds are roughly four times stronger than the June winds.



IMPACT/APPLICATIONS

The purpose of this work is to determine the impact lower atmospheric tides have on the seasonal and
longitudinal patterns in the occurrence of scintillation. The understanding gained through this research
will be used to improve forecasting models of low-latitude ionospheric disturbances that cause
scintillation in radio communication signals. Additionally, an improved 3D physics-based model of the
ionosphere (SAMI3/ESF), including small-scale disturbances, will also result from this research.

RELATED PROJECTS

The following projects have been funded to support the development of the SAMI3/ESF code that is
being used in our study.

1. NRL ARI:

Title: Equatorial spread F: Specification and forecasting
The purpose of this 6.1 effort is to develop the first, first-principles, global model of equatorial spread
F, and an observational database to provide driver inputs and data for comparative studies.

2. NASA Living With a Star Grant

Title: Modeling Large Scale Electron Density Gradients in the Low- to Mid-Latitude lonosphere
This is a three-year program to develop a comprehensive modeling capability to understand the onset
and evolution of large-scale electron density structures in the low- to mid-latitude ionosphere.

3. NASA Living With a Star Grant

Title: Modeling of Tropospheric-lonospheric Interaction
In this work, solar-driven and tidal winds will be integrated with the NRL SAMI model to self-
consistently reproduce the dynamo electric fields that produce the equatorial ionization anomaly.
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